Under field conditions, Four commercial biofertilizers namely, phosphorine (containing phosphate dissolving bacterium namely Bacillus megatherium or megaterium), Rhizobacterin (containing plant growth promotimg bacteria e.g. Bacillus spp. and Pseudomonas fluorescens), potassiumag ( containing potassium dissolving bacterium namely, Bacillus circulans), al-aukadin (containing Rhizobium phaseoli) as well as bacteria, Pseudomonas fluorescens and Serratia spp. as liquid cultures either alone or in combination were tested for biocontrolling root knot nematode, Meloidogyne incognita infesting green bean cv. Hama plants. The results showed that all treatments had the potentiality to significantly (p≤0.05) reduce the root-knot nematode infectivity and reproduction, to great extend, along the growing season of green bean plants as indicated by the number of galls, egg masses and hatched juveniles on roots and number of juveniles in soil. Three months after application, the percentages reduction of the number of galls ranged from 46.4 for phosphorine only (T1) to 72.5% for phosphorine + S. fluorescens (T7) and phosphorine + Serratia spp. (T11). The same trend was noticed for the percentages reduction of egg masses. Single treatments were superior to the combined ones in increasing the studied pod yield parameters (Number and weight of green pods). Phosphorine (T1) and al-aukadin (T4) were as equal as each other in increasing the percentage increase of weight of green pods (92.1%) followed by that recorded by using rhizobacterin (T2). Co-toxicity factors for the two combined treatments of commercial products of phosphorine + S. fluorescens(T7) and phosphorine + Serratia spp.(T11) with M incognita after three months showed additive interaction effects, as they caused higher percentage gall reduction than that caused by either of them alone. At the same trend, the soluble carbohydrate, soluble protein, nitrogen and potassium contents increased in leaves and pods of green bean by some of the tested compounds compared with those of untreated check
Introduction
Plant parasitic nematodes cause global losses to crop plants with an estimated loss of 125 billion per year (Chitwood, 2003) . Most of these losses are attributed to root-knot nematodes (Meloidogyne spp.) all over the world. Rootknot nematodes are obligate parasites and very damaging plant pests limiting agricultural productivity. Most cultivated plant species are susceptible to root-knot nematode infection (Sasser and Carter 1985) . Root knot nematode Meloidogyne incognita and Meloidogyne spp. were reported to infest some vegetable crops of which common bean (Phaseolus vulgaris) crop in Egypt (Ibrahim, 2011) . However, there is a continuous and growing social legislative pressure to reduce the environmental risks caused by these chemicals. Now, certain species of microorganisms are known to serve as a good alternative to chemical fertilizers. A biofertilizer is a substance which contains some beneficial living microorganisms inhabiting the rhizosphere of the plant and promote growth by increasing the supply or availability of primary nutrients to the host plant. (Gaur, 2010) . Rhizobacteria are defined as free living soil bacteria which survive in plant rhizosphere. They promote plant growth through nitrogen fixation, phytohormone, phosphate and potassium solubilization and siderophore production (Hegde et al., 1999; Vessey, 2003; Bashan and de-Bashan, 2005) . Ismail and Hasabo (2000) evaluated some Egyptian commercial biofertilizers, nitrobien, rhizobacterin, serealin, phosphorine….etc for controlling the root knot nematode, M. incognita infecting sunflower cv. Giza 101. They showed that all the tested materials significantly suppressed number of nematode criteria in soil and roots and improved plant growth criteria. El-Gindi et al. (2005) reported that phosphorine suppressed root knot nematode, M. incognita infecting cowpea and enhanced plant growth responses. Mohamed et al. (2009) showed that both Serratia marcescens and Pseudomonas fluorescens were effective in lowering the incidence of root-knot disease in soil infected with Meloidogyne incognita on faba bean. The objectives of this study to evaluate some commercial bacterial compounds and isolates for biocontrolling of root knot nematode, Meloidogyne incognita on green bean under field conditions
Materials and Methods
A naturally infested soil with root knot nematode M. incognita in commercial protected greenhouse (40x9m) in Giza Governorate was selected for this study. Seeds of green bean (Phaseolus vulgaris) cv. Hama were sown in rows of 5 m long, with hills (spots in which seeds are cultivated), 20 cm apart in silty clay soil on 15 December, 2013. Four commercial biofertilizers, phosphorine (phosphate dissolving bacterium namely Bacillus megatherium or megaterium), Rhizobacterin (containing plant growth promoting bacteria e.g. Bacillus spp. and Pseudomonas fluorescens), potassiumag (potassium dissolving bacterium namely, Bacillus circulans),, al-aukadin containing Rhizobium phaseoli as well as bacteria, Pseudomonas fluorescens and Serratia spp. as liquid cultures were obtained from Agricultural Research center (ARC), Giza for biocontrolling root knot nematode infesting green bean. Treatments were applied to common bean soil on 26 December, 2013 as follows: T1: Phosphorine (containing phosphate dissolving bacterium namely Bacillus megatherium or megaterium) at the rate of 100g/row. T2: Rhizobacterin (containing plant growth promoting Rhizobacteria) at the rate of 100g/row. T3: Potassiumag (containing potassium dissolving bacterium namely Bacillus circulans) at the rate of 100g/row. T4: Al-aukadin (containing specialized species of atmospheric nitrogen fixation bacterium namely Rhizobium phaseoli) at the rate of 100g/row. T5: Pseudomonas fluorescens at the rate of 5ml/plant. T6: Serratia spp. at the rate of 5ml/plant. T7 : T1+T5  T8: T2+T5  T9: T3+T5  T10: T4+T5  T11: T1+T6  T12: T2+T6  T13: T3+T6  T14: T4+T6  T15: T5+T6  T16: Untreated control There were four replicates for each treatment of rows each of 5m long) and. an equal number of replicates was not treated to serve as control. Liquid suspension of R. phaseoli was added to each replicate after planting. All treatments were distributed in a randomized complete block design. Soil and root samples at a depth of 15-30 cm were taken one and two months and three months (Harvest) after treatment. For nematode assessment, an aliquot of 200g soil from each replicate was extracted by sieving and decanting method. An aliquot of 5g root for each replicate was incubated in distilled water according to Young (1954) for estimating the hatched juveniles. Numbers of galls and egg masses were counted in another 5g root at harvest stage. Yield of pods was collected every four days for 36 days. Number and weight of green pods per plant were determined. Yields of green bean p in ton per feddan (Fed. =4200 m 2 ) were calculated by multiplying weight of pods per plant by the whole number of plants per feddan (70,000 plants). Interaction data for mixtures were estimated according to Lempel ' s formula reported by Richer (1987) as follows: E=X+Y-XY/100 Where: E= the expected additive effect of the mixture X= the effect due to component A alone Y= the effect due to component B alone The expected effect was compared with actual effect obtained experimentally for mixture to determine the additive or synergistic and antagonistic effect according to the equation given by Mansour et al. (1966) as follows: Co-toxicity= Observed effect(%) -Expected effect(%) x100
Expected effect (%) This factor is used to classify the results into three categories where a positive factor or more is considered potentiation, a negative factor 20 or more is considered antagonistic and immediate values ranging from -20 to + 20 indicate additive.
Chemical analysis
Total soluble carbohydrates (TSC) and total soluble proteins (TSP) from dry leaves and pods of green bean were determined calorimetrically by the method of Yemm and Willis (1954) and Bradford (1976) , respectively. The leaf and pod samples were also used to determine nitrogen and potassium contents according to Evenhuis and De-Waard (1980) .
Statistical Analysis
Data were analyzed statistically by analysis of variance and means compared with Duncan , s Multiple Range test using COSTAT programme version 4.
Results
Data presented in Table (1 and 2 ), showed the effect of microbial treatments in single or in combination on the development of Meloidogyne incognita infecting green bean cv. Hama under field conditions. Results revealed that, all treatments had the potentiality to reduce the root-knot nematodes infectivity and reproduction, to great extend, along the growing season of green bean cv. Hama plants. One month after microbial application, the percentages reduction of the number of galls ranged from 68.4% for T 14 or T 15 (Al-aukadin or P. fluorescens +Serratia spp.) to 89.5% for T 5 (P. fluorescens alone). Two months after application, the percentages reduction of the number of galls ranged from 67.8 for T 1 (Phosphorine) to 91.5% for T 2 (Rhizobacterin) . Three months after application, the percentages reduction of the number of galls ranged from 46.4% for phosphorine only (T 1 ) to 72.5% for phosphorine + P. fluorescens (T 7 ) and phosphorine + Serratia spp. (T 11 ). The same trend was noticed for the percentages reduction of egg masses after three months. On the other hand, high percentages reduction of the number of juveniles in soil were achieved by all tested treatments. The percentages reduction of the hatched juveniles in roots behaved an independent pattern as the highest percentage nematode reduction was achieved by using al-aukadin + Serratia spp. (T 14 ). While the lowest percentage reduction occurred by using Al-aukadin + P. fluorescens (T 10 ). As for the number of bacterial nodules on roots of green bean, it was noticed that all treatments increased their numbers after three months and these increases varied according to the type of treatment. The highest percentages increases in the number of nodules were achieved by using rhizobacterin+ P. fluorescens (T 8 ) followed by those of potassiumag+ P. fluorescens (T 9 ) and P. fluorescens alone(T 5 ). While the lowest percentages increase occurred by using phosphorine or rhizobacterin or potassiumag +Serratia spp. (T 11 , T 12 and T 13 ) and al-aukadin alone (T 4 ). Cotoxicity factors for the two applied combined treatments of commercial products of phosphorine + P. fluorescens (T 7 ) and phosphorine + Serratia spp. (T 11 ) with M incognita after three months showed additive interaction effects for the reduction of root galling of green bean. The rest combination exhibited antagonistic interaction (Table 3) As for plant yield, Table (4) illustrated the tested materials as single or as combined improved the yield of green pod as indicated by number of pods per plant and weight of pods per feddan (in ton). Phosphorine (T 1 ) and al-aukadin (T 4 ) were the first and as equal as each other in increasing the percentage weight of pods (92.1%) followed by that recorded by using rhizobacterin (T 2 ) compared with untreated check and number of pods per plant followed the same trend. None of the combined treatments was superior to single ones in increasing the mentioned criteria.
At the same trend, In general, carbohydrates, proteins, nitrogen and potassium contents increased, in most cases, in pods compared to those in leaves. While carbohydrate and protein contents (in leaves) and potassium (both in leaves and pods) decreased, in most cases, compared to untreated check (Table 5 ). 
Discussion
The present results showed that soil treated with al-aukadin, phosphorine and potassiumag, rhizobacterin as biofertilizers and P. fluorescens and Serratia spp. as liquid culture reduced plant parameters and increased yield of green bean. These results on biofertilizers agree with those obtained by other authors. Bevivino et al. (1998) found that rhizobacteria could stimulate plant growth either by producing growth hormones and improving nutrient uptake or by changing microbial balance in the rhizosphere of the plants through producing some compounds lethal to nematodes or by modifying the rhizosphere environment (Mishra et al., 1987) . Al-Rehiayani et al. (1999) found that B. megaterium reduced population densities of M. chitwoodi and Pratylenchus neglectus on potato roots by up to 50%. Khan et al. (2007) stated that biofertilizers particularly phosphate-solubilizing microorganisms could also be used in controlling nematode. Padgham and Sikora (2007) stated that B. megatherium reduced nematode population by 40%. El-Haddad et al. (2011) stated that some beneficial bacteria including the nitrogen fixing bacteria, the phosphate solubilizing bacteria and the potassium solubilizing bacteria significantly reduced the nematode multiplication particularly 60 days after inoculation. These results are in a line with those reported by Zavaleta- Mejia and Van Gundy (1989) , who reported that Serratia marcescens suppressed root-knot larvae of Meloidogyne incognita possibly due to the volatile substances produced during its metabolic activity. In agreement with the present results, some investigators have reported the nematicidal activity of S. marcescens against M. incognita (Ali, 1996; El-Sherif et al., 1999) . Eklund (1970) confirmed that Pseudomonads naturally inhabit the root surface and consume root exudates rich in amino acids which are converted to ammonia along the root to maintain a micro-zone around the growing roots which would be suppressive to pathogens. The reduction of root galls number may be due to the failure of the most encumbered juveniles to penetrate the host root (Mohamed et al., 2009) . It was interesting to notice that the tested biocontrol agents not only reduced the infectivity of nematodes, but also inhibited their reproduction. These results agree with those reported by Stirling and Sharma (1990) and El-Nagar et al. (1998) on Pasteuria penetrans. Also, the tested biocontrol agents increased the number of rhizobial nodules on the root system. On the other hand, lower number of rhizobial nodules in treatment of R .phaseoli only (T4) in comparison with R. phaseoli + some commercial product treatments (T 10 and T 14 ) was recorded. This could be explained by deleterious effect of M. incognita on the development of rhizobial nodules, or due to the interference of root-knot nematodes with nitrogen fixation in legume hosts inoculated with Rhizobium alone (El-Bahrawy and Salem 1989) which agree with the results obtained by Mohamed et al. (2009) . In the present study, co-toxicity factors for the two applied combined treatments of phosphorine + S. fluorescens and phosphorine + Serratia spp. with M incognita after three months showed additive interaction effects for the reduction of root galling of green bean. This reflects on the highest percentages reduction in the number of galls caused by using the mentioned treatments. Improvement in nutrient status following the treatment with the tested compounds may be due to faster absorption of the nutrients via roots (El-Nagdi et al., 2010) .
